Abstract: A minimum of 15 lymph nodes (LNs) has been recommended as an adequate number for radical gastrectomy for gastric cancer (GC). This study aimed to investigate whether the harvesting of at least 25 LNs was a better criterion for stage N2-3 GC based on the 10-year experience of a high-volume hospital.
INTRODUCTION
G astric cancer (GC) is a leading cause of cancer-related morbidity and mortality worldwide. 1 Currently, surgery with curative intent remains the principal treatment for resectable GC. The depth of primary tumor invasion, lymph node (LN) involvement, and distant metastasis are 3 major predictors of prognosis for patients with GC. 2 Therefore, these factors are also considered the 3 basic elements of tumor staging. According to the TNM staging system proposed by the Union for International Cancer Control (UICC) and the American Joint Committee on Cancer (AJCC), the N stage is classified into 5 levels (N0, N1, N2, N3a, and N3b) based on the number of metastatic LNs. 2 To avoid the stage migration phenomenon, the removal of at least 15 LNs has been recommended as a precondition to ensure reliable N staging. 3 In recent years, the number of LNs examined has been considered a potential predictor of prognosis because patients with GC seem to benefit from extended lymphadenectomies with more LNs removed. 4 Several analyses have revealed higher 5-year overall survival (OS) rates among patients with more LNs examined. [5] [6] [7] Nonetheless, to date, a well-accepted criterion has been the harvest of at least 15 LNs by radical gastrectomy for all cases of resectable GC. 3, 8 However, theoretically, the strategy of surgical treatment could differ between cases of locally advanced GC and cases of relatively early GC with regard to lymphadenectomy. Previously, we hypothesized that the retrieval of >25 LNs might be a superior criterion for locally advanced GC surgery. 9 Therefore, this study aimed to investigate whether the harvesting of at least 25 LNs was a better criterion for stage N2-3 GC based on the 10-year experience of a high-volume hospital.
METHODS

Patients
With the approval of the Biomedical Ethics Committee of West China Hospital, a database was established to recruit all patients who underwent gastrectomy in the Gastrointestinal Surgery Department of West China Hospital in China since January 2000. Data including the clinical information, surgical records, pathological findings, and postoperative complications were collected. The follow-up information of the patients was updated at 3-month intervals using the outpatient visit method; however, phone calls and mail interviews were also used as alternative methods. The follow-up duration and survival outcomes were updated through June 2014.
After ethical board approval, the medical records of patients who were diagnosed with GC and who underwent an R0 gastrectomy between January 2000 and December 2010 were selected. Cases were excluded from this analysis if distant metastases were present, if a nonradical resection (ie, R1 or R2 resection) was performed, or if there were no records or follow-up information. The personal information of the patients was redacted during the analyses.
Surgical Techniques
The pattern of resection was decided based on the tumor location and resection margins. The standard procedure for lowerthird GC was distal gastrectomy. After distal gastrectomy, Billroth-I gastroduodenostomy, Billroth-II gastrojejunostomy, or Roux-en-Y gastrojejunostomy was performed, according to the surgeon's preference. For middle-or upper-third cases, total gastrectomy with Roux-en-Y esophagojejunostomy was performed. In selected cases, proximal gastrectomy with esophagogastrostomy was performed for upper-third GC without gross involvement of the surrounding structures, particularly in cases of early disease. Lymphadenectomy was classified as D1, D1þ, or D2 according to the guidelines of the Japanese Gastric Cancer Association (JGCA) (Ver. 3). 8 The extent of LN dissection was decided based on the macroscopic evaluation and the surgeon's training and preferences. After operation, the surgeons selected as many LNs as possible from the surgical specimens. Fluoropyrimidine and platinum regimens comprised the first-line postoperative chemotherapy treatment strategies.
Pathology and Staging
The surgical specimens and LNs were assessed by 2 pathologists in a peer-review format and were classified according to the 7th Edition of the UICC/AJCC TNM staging system. For nodal staging, LN involvement was defined as follows: N0, no regional LN metastasis; N1, metastasis in 1 to 2 regional LNs; N2, metastasis in 3 to 6 regional LNs; N3a, metastasis in 7 to 15 regional LNs; N3b, metastasis in !16 regional LNs. 2 Tumors were divided into 2 groups (<4.8 cm or !4.8 cm) based on the mean size. The T category (T1-2, T3-4) was used to assess the depth of invasion. The tumors were classified into 5 macroscopic types (Type 0, superficial; Type 1, mass; Type 2, ulcerative; Type 3, infiltrative ulcerative; Type 4, diffuse infiltrative) according to the guidelines of the JGCA (version 3). 10 The histologic grade encompassed 4 classes based on the degree of differentiation (ie, well-differentiated, moderately differentiated, poorly differentiated, and undifferentiated).
Statistics
The clinicopathological characteristics included the patient age, sex, length of postoperative stay, resection type, reconstruction type, extent of lymphadenectomy, operation time, blood loss, postoperative complication, tumor site, tumor size, macroscopic type, histological type, number of LNs examined, number of metastatic LNs, T category (T1-2, T3-4), and N stage. All of these factors were analyzed in univariate analyses. The selected factors from the univariate analyses were entered into a multivariate model for analysis. Additionally, the interaction between the number of LNs examined and N stage was tested to confirm the potential causation.
A contour map was plotted to illustrate the relationship among 5-year OS, the number of LNs examined, and the number of metastatic LNs. In brief, patients were categorized into 64 groups based on prespecified ranges of LNs examined (1-4, 5-9, 10-14, 15-19, 20-24, 25-29, 30-34, !35) and metastatic LNs (0, 1-2, 3-4, 5-6, 7-8, 9-10, 11-15, >15). The 5-year OS of each group was calculated and pooled into a predefined 8 Â 8 table to generate the contour map.
The patients were divided into 2 groups based on a series of consecutive cutoff numbers of examined LNs from 15 to 35 (eg, <15 or !15). Hazard ratios (HRs) with 95% confidential intervals (CIs) were calculated for each cutoff value. Based on the HR values and the corresponding 95% CIs, an estimated HR curve with CI area for each N stage was then generated using the nonparametric, local regression Loess smoothing method to assess the prognostic trend.
Statistical analyses and graphics were completed with the use of R software, version 3.1.2 (R Core Team, Austria), and Stata/SE software version 12.1 (TX: StataCorp LP). The chisquare test was applied to evaluate differences in proportions. The survival analysis was performed as previously reported.
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The survival rates were calculated using the Kaplan-Meier method. Each single prognostic factor was analyzed using the Cox proportional hazards model. The event was defined as death from any cause. The Efron method was used to determine associations. Variables with a P value of 0.2 in univariate analysis were considered potential candidates for the final model and were pooled into a multivariate analysis. In multivariate analysis, variables with a P value not <0.05 were discarded in a stepwise procedure for variable selection. P values <0.05 were considered statistically significant.
RESULTS
Patient Selection
In this study, the medical records of 1936 patients were reviewed. Among them, 259 patients were excluded because of nonradical resection, and 78 patients were excluded because of the presence of distant metastasis. In addition, 236 patients with no follow-up records were excluded. Eventually, 1363 patients were analyzed in this study. The mean age of the patients was 56.5 years (range 19-86) with a male-to-female ratio of 2.6:1. The median postoperative follow-up duration was 58.7 months (range 1-165 months).
Univariate and Multivariate Survival Analysis
In the univariate analyses, OS was associated with age, resection type, reconstruction type, lymphadenectomy extent, operation time, blood loss, postoperative complications, tumor site, tumor size, macroscopic type, histological grade, number of metastatic LNs, number of LNs examined, T category, and N stage (Table 1) . Variables with a P value of 0.2 in univariate analysis, including every variable except postoperative days in this particular analysis, were pooled into a multivariate analysis. In multivariate analysis, the number of LNs examined (HR ¼ 0.99, 95% CI 0.982-0.995), age, resection type, macroscopic type, T category, and N stage were identified as independent prognostic factors (Table 2) , whereas no significant interaction between N stage and the number of lymph nodes was found (P ¼ 0.710). These significant variables were included as covariates in the subsequent Cox regression analyses.
Number of Lymph Nodes Examined
The frequency distribution of patients in stepwise increments of 5 nodes retrieved is summarized in Supplementary  Figure 1 , http://links.lww.com/MD/A228. A total of 31,428 nodes were obtained from the patients (mean 23, median 22), of which 5869 (18.67%) nodes contained metastases. Means of 17.4 AE 11.7, 21.3 AE 11.8, and 28.9 AE 13.1 LNs were retrieved by D1 lymphadenectomy, D1þ lymphadenectomy, and D2 lymphadenectomy, respectively. The extent of LN dissection was significantly associated with retrieval of a greater number of LNs (P < 0.001). Among the 1363 patients, 863 patients (63.32%) exhibited LN involvement, with an average of 6.8 metastatic nodes per patient. Based on the number of LNs examined, the patients were divided into 6 groups: 1 
Impact of the Number of Lymph Nodes on the 5-year OS
The 5-year OS rates of the patients in the above-mentioned groups are summarized in Supplementary Table 1, http:// links.lww.com/MD/A228 and are stratified by the T and N stages. Overall, the 5-year survival of the patients decreased rapidly from T1 to T4 (86.44%, 74.83%, 66.30%, and 45.78%, respectively), as well as from N0 to N3b (77.95%, 66.42%, 52.80%, 32.74%, and 20.65%, respectively). With the increase in the number of examined LNs, 5-year OS exhibited an upward trend in the patients with stage N2/N3a/N3b GC but not in the patients with stage N0/N1 GC. This same trend was validated with the contour map of 5-year OS (Figure 2 ). On the contour map, an obvious trend was observed toward improved survival for patients with >6 metastatic LNs, namely those in the N3 stage, when >20 LNs were examined. In the range of 2 to 6 metastatic LNs, there was an upward tendency when 15 LNs were examined. Additionally, a sharp increase in survival was observed when 25 LNs were examined and when there were between 2 and 8 metastatic LNs; the survival was calculated based on 17 patients only.
Cutoff Survival Analysis
To investigate how many LNs should be examined to obtain a survival benefit, patients with different N stages were divided into 2 groups based on a series of consecutive, relative numbers. A number from 15 to 35 was chosen as the cutoff to explore the value more precisely. The HRs were calculated using the Cox proportional hazards model and were adjusted for age, resection type, T category, and macroscopic type. The HRs for the cutoffs of !15, !20, !25, !30, and !35 LNs are summarized in Table 3 , and the estimated HR curves of patients in different N stages were generated (Figure 3) .
A significantly lower HR was not observed in patients with stages N0 and N1 GC at any cutoff, even if the cutoff was !15 LNs (Table 3, Figure 3 ). In patients with N2 GC, the HRs were consistently favorable for cutoffs from 15 to 33 LNs harvested, and cutoffs !34 LNs or higher were not optimal for distinguishing 2 groups with different prognoses. This benefit could increase with an increased number of nodes examined and a decrease in the HR from 0.68 to 0.59. In patients with stage N3 GC, the only statistically significant HR was found at !25 LNs harvested (HR ¼ 0.62 and 0.53 among patients with stage N3a and N3b GC, respectively), and the HR curve for patients with stage N3 GC in this subset was V-shaped, with the lowest and most significant HR around the cutoff !25 LNs (Table 3 , Figure 3 ). To make the results more comparable, we selectively analyzed patients with N2/N3 category disease according to D1/ D1þ/D2 lymphadenectomy and validated the survival benefit in patients with 
Impact of Lymph Node Resection on the Postoperative Complications and OS
D2 lymphadenectomy is associated with higher risk of abdominal complications rather than systematic complication, compared with D1/D1þ lymphadenectomy (Table 4) . However, no significant difference was observed between patients with !25 LNs harvested and patients with <25 LNs examined regarding both abdominal complications and systemic complications. The Kaplan-Meier curves according to the lymphadenectomy extend (D1/D1þ and D2), stratified by the number of LNs retrieved (<25 or !25), were shown in Figure 5 . In both D1/D1þ and D2 subgroups, patients with at least 25 LNs harvested exhibited better 5-year OS rates compared with those with <25 LNs harvested (58.62% vs 53.94% in D1/D1þ subgroup; 66.14% vs 58.74% in D2 subgroup, respectively). In patients with !25 LNs examined, the 5-year OS of patients following D2 lymphadenectomies remained better than that of patients who underwent D1/D1þ lymphadenectomies (66.14% vs 58.62%).
DISCUSSION
Based on the survival data of 1363 patients, this study investigated the prognostic value of the number of examined LNs in patients with GC who underwent radical gastrectomies. The number 25 was eventually chosen as the cutoff for stage N2-N3 disease based on the multivariate analysis. In particular, this value suggests that the removal of at least 25 LNs is a favorable prognostic factor for survival in patients with stage N2-N3 GC with no distant metastases. This result might provide some insight into the relationship between the number of LNs examined and the prognoses of patients with GC, and it could also be recommended as a superior criterion for lymphadenectomy for stage N2-N3 resectable GC.
In recent years, several studies have suggested that the number of LNs examined is associated with better OS in patients with GC. [5] [6] [7] The guidelines of the NCCN recommend that no <15 LNs should be examined for pathological assessment. 3 Thus far, different cutoff numbers of LNs have been proposed. However, the majority of studies in the literature have focused on the role of the number of examined LNs in nodenegative patients with GC. 5, 12, 13 Some of these studies might have noted the prognostic effect of the number of examined LNs, but it would be illogical to translate their conclusions, which were drawn from node-negative patients, to patients with metastatic LNs. To date, a uniform consensus has insisted that 15 is an adequate number by which to determine the N stage.
In the present study, because of the exclusion of patients with distant metastases, we only included patients who underwent radical gastrectomy with curative intent. After the stratification of patients into different N stages, a survival benefit based on more LNs examined was found in patients with stage N2/N3 GC with respect to 5-year OS. This finding supported the number of LNs examined as a predictor of survival of patients with advanced GC without distant metastases (Table 3) . In consecutive numbers from 15 to 35, the cutoff of 25 was found to have the lowest HR value for patients with stage N2-N3 GC (Figure 3) , and a similar tendency was also validated in subgroup analysis based on lymphadenectomy extent (Supplementary Figure 3 , http://links.lww.com/MD/A228). Overall, for patients with stage N2/N3 GC, the examination of at least 25 LNs indicated that the patients had a 60% to 65% probability of a better prognosis compared with patients with <25 LNs examined (5-year survival 48.67% vs 58.59%, 23.81 vs 32.77% for N2 and N3, respectively) (Supplementary Figure 4 , http:// links.lww.com/MD/A228). Because preoperative staging of LN metastasis has been reported with an accuracy from 54% to 76.6%, [14] [15] [16] the removal of !25 LNs in patients with stage N2/ N3 GC might be a practical and effective strategy in the near future.
Of all the reasons why the examination of more LNs might provide patients with a survival benefit, stage migration might be the most important. It is reasonable to assume that patients might be understaged if only a few randomly removed LNs are examined, and with more LNs examined, there is a greater likelihood for the identification of metastatic LNs. As one form of stage migration, the redistribution of N stage was observed with the increase in the number of examined LNs in this study ( Figure 1, Supplementary Figure 2 , http://links.lww.com/MD/ A228). With <25 LNs examined, the prognosis of patients in the N3a stage was similar to that of patients in the N3b stage with !25 LNs examined (Figure 4) . Therefore, the improved survival of patients with more nodes examined might partially be explained by more accurate staging. Previous studies by Smith et al and Schwarz et al 6, 7 recommended that at least 10 negative LNs should be retrieved to determine the N stage accurately. This finding indicated that at least 25 LNs were required to fully stage a patient with stage N3b disease who had >15 metastatic LNs. For patients with stage N2/N3 GC who have multiple metastatic LNs, accurate staging could eventually translate into a more effective adjuvant therapy. This theory might explain why patients with stage N0/N1 GC, who have no or a few metastatic nodes, cannot benefit from extended lymphadenectomy; the current suggestion of 15 LNs is sufficient to stage patients in this subtype accurately. At the same time, in the absence of therapeutic strategy adjustment, accurate staging might not necessarily provide patients without LN metastasis with a significant survival benefit. Based on these considerations, the current criterion of 15 LNs appears insufficient to assess LN involvement, particularly for N3 patients. Such a convention could provide misleading information with respect to the treatment strategy and prognosis. Thus, a higher cutoff, such as 25, as found in this study, should be considered for more accurate N staging.
The number of LNs examined was significantly affected by the extent of the LN dissection. Although the criterion of at least 25 nodes harvest could be achieved in either D1/D1þ lymphadenectomy or D2 lymphadenectomy, more extended lymphadenectomy of gastric cancer surgery is capable of harvesting more lymph nodes compared with limited lymphadenectomy (Supplementary Figure 1, http://links.lww.com/ MD/A228). The 15-year follow-up of Dutch trial has documented that D2 lymphadenectomy could reduce gastric cancerrelated death against D1 lymphadenectomy. 4 Thus, it is reasonable to perform more extended lymphadenectomy (D2) to harvesting more lymph nodes and gaining better survival outcome. However, at present, the extent of lymph node dissection varies geographically. In Eastern countries with a high incidence of GC, such as Japan, the Republic of Korea, and China, a more aggressive strategy of lymphadenectomy has been used that entails the removal of more LNs to achieve a more curative resection. 17 In contrast, many surgeons in Western countries still prefer limited lymphadenectomy when they perform radical gastrectomy. 18 Numerous studies have found a higher risk of postoperative complications in D2 dissection group than that in D1 group and failed to demonstrate a survival benefit over D1 dissection. 19, 20 This conclusion was questioned because D2 lymphadenectomy requires a certain degree of specialist training and extensive experience. A relationship between case volume and mortality has been noted in terms of D2 lymphadenectomy, emphasizing the expertise needed for this aggressive procedure. 21 In the present study, the examination of at least 25 lymph nodes provides proven survival benefit for patients following either D1/D1þ or D2 lymphadenectomies ( Figure 5 ). Despite a higher risk of abdominal complications (Table 4) , D2 lymphadenectomy maintained a significant survival advantage over D1 lymphadenectomy (Table 1 ). In patients with !25 LNs examined, the 5-year OS of patients following D2 lymphadenectomies remained better than that of patients who underwent D1/D1þ lymphadenectomies. Furthermore, the cutoff of 25 seemed to render D2 dissection an ideal procedure for lymphadenectomy because a retrieval of 25 LNs used to be classified as standard D2 lymphadenectomy. 22 Therefore, LN resection of at least 25 LNs for D2 lymphadenectomy could be one promising option to improve the outcomes of patients with locally advanced resectable GC.
Our study had some limitations. With its retrospective design, this study provided limited power for clinicians to reference. Although prospective trials can provide strong references for guidelines, we believed that by obtaining fully recorded pathological information of LNs retrospectively, our study could be helpful in the generation of some new hypotheses for future studies. Another limitation was that this was a singleinstitution study from China. In China, GC is characterized by its high incidence and advanced stage. Thus, the results from this study should be validated in both Eastern and Western countries before they are applied for the refinement of any guidelines. However, as a national surgical training center with a large number of surgeries each year, our data could indicate reliable and concordant surgical outcomes with other highvolume medical centers with respect to extended lymphadenectomies.
In conclusion, the present study suggests that the number of nodes examined is correlated with OS in patients with resectable GC. Among patients with stage N2-N3 GC, harvesting at least 25 LNs could be a superior cutoff for radical gastrectomy and may yield better survival outcomes.
